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The literature dealing with the hypertensive dis-
orders of pregnancy is often confusing. One reason
for this is the difficulty in distinguishing clinically
between the various causes of hypertension in
pregnancy, such as essential hypertension, pre-
eclampsia, or hypertension secondary to renal dis-
ease. Another problem is that classifications used in
the literature are frequently too detailed and cum-
bersome, and some are erroneous. This review
summarizes the current concepts regarding high
blood pressure in gestation, with emphasis on a fa-
milial factor in preeclampsia. In addition, the re-
mote cardiovascular prognosis of hypertension in
pregnancy is discussed.
The Committee on Terminology of the American
College of Obstetricians and Gynecologists [1] de-
fines gestational hypertension as certain elevations
in blood pressure in late pregnancy or the early
puerperium, without proteinuria or abnormal ede-
ma, and with a fall to normal levels within 10 days
after delivery. There are four criteria for the diagno-
sis of hypertension, any one of which suffices in a
pregnant woman: (1) a rise of at least 30 mm Hg
over the usual level of systolic pressure, (2) a rise of
at least 15 mm Hg over the usual level of diastolic
pressure, (3) a systolic pressure of at least 140 mm
Hg, and (4) a diastolic pressure of at least 90 mm
Hg. The abnormal changes or levels must be ob-
served on at least two occasions, at least 6 hours
apart.
The American Committee on Maternal Welfare
[2] had proposed a classification that was used for
many years; the diagnosis of preeclampsia could be,
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and often was, made on the basis of gestational hy-
pertension alone. Nelson's [3] classification, widely
used in the British Isles, ignores edema, and the di-
agnosis of mild preeclampsia is made on the basis of
gestational hypertension alone. (If proteinuria of
0.25 g/liter or more appears in addition to hyper-
tension, the diagnosis of severe preeclampsia is
made, although it often is not severe or even pre-
eclampsia).
Most, but not all, diagnoses of mild preeclampsia
have been made on the sole criterion of gestational
hypertension, which has several causes other than
preeclampsia. In an effort to define preeclampsia
more precisely, the Committee on Terminology [1]
assigned gestational hypertension to a separate cat-
egory and specified that the diagnosis of pre-
eclampsia must depend upon hypertension together
with significant proteinuria, or edema of the hands
or face, or both. Actually, the diagnosis is insecure
in the absence of proteinuria. Significant protein-
uria" is defined as at least 0.3 g/liter in a 24-hour
collection of urine, or 1 g/liter in a random sample.
Eclampsia is convulsions in women with pre-
eclampsia; epilepsy and other convulsive disorders
must be excluded.
Preeclampsia-eclampsia is peculiar to pregnancy,
and it appears with increasing frequency as preg-
nancy approaches term; it is unusual before the end
of the second trimester. Nulliparas are from 6 to 8
times more susceptible to preeclampsia than are
multiparas, and when the diagnosis is made in a
multipara it usually is erroneous. What is diagnosed
as preeclampsia, especially mild preeclampsia, of-
ten is not preeclampsia, as is documented else-
where [4]. It may be: (1) preeclampsia; that is, the
diagnosis may be correct in perhaps half of cases;
(2) latent hypertension revealed by pregnancy, as
will be discussed (3) chronic glomerulonephritis or
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other renal disease, as proved by renal biopsies [5-
7]; and(4) frank essential or renal hypertension that
had abated during much of pregnancy, as happens
in from 30 to 40% of hypertensive women, often
with "normal" levels during midpregnancy [8-11].
Predisposing factors to preeclampsia include nul-
liparity, familial history of preeclampsia-eclampsia,
plural gestation, diabetes, chronic hypertension, a
large, rapidly growing hydatidiform mole, fetal hy-
drops, and extremes of age.
Familial factor
Elliot [12], in 1873, described a fatal case of
eclampsia in a woman whose mother had died of
eclampsia in her fifth pregnancy. Each of the
mother's 5 daughters had eclampsia, and 3 died of
it. Brocklehurst and Ross [13] reported 11 cases of
eclampsia and many of preeclampsia in four genera-
tions of an inbred family. Chesley, Annitto, and
Cosgrove [14] analyzed pregnancies of sisters,
daughters, granddaughters, and, as controls, daugh-
ters-in-law of women who had had eclampsia. The
study is still going on, with many more cases. All of
the following incidences pertain to first preg-
nancies. To date, the incidence of preeclampsia in
daughters-in-law is about 6%, as expected. Thirty-
seven percent of 147 sisters had preeclampsia and 6
had eclampsia. In 257 daughters, the incidence of
preeclampsia has been 25%; 7, or 1 in 37, have had
eclampsia, as compared with an expected incidence
of about I in 1000. Ten, possibly 11, of 43 grand-
daughters have had preeclampsia. The data are
more impressive if looked at by families. In families
in which only one daughter has been pregnant, 25%
had preeclampsia. in families with two daughters
tested by pregnancy, preeclampsia occurred in one
or the other, or both sisters in 48% of the families,
and where from 3 to 5 daughters have had preg-
nancy at least 1 daughter has had preeclampsia in
67% of the families.
Cooper and Liston (submitted for publication)
have suggested that a single recessive gene may de-
termine the susceptibility to preeclampsia. On that
hypothesis, they calculated the numbers of cases of
preeclampsia to be expected in the sisters, in the
daughters singly and by families, and in daughters-
in-law of women who have had eclampsia, and com-
pared the expected numbers with those reported by
Chesley, Annitto, and Cosgrove [14] in 1968. Table
1 shows so close an agreement in all six such com-
parisons as to give strong support to their genetic
hypothesis. Cooper and Liston did not, however,
find so good a correlation with the data of Adams
and Finlayson [15], or with an analysis of later data
from Aberdeen, Scotland. Adams and Finlayson
used as probands 146 women having had hyperten-
sive disorders in first pregnancies; 86 of their 176
sisters also had hypertension in first pregnancies.
They used Nelson's [3] classification, which origi-
nated in Aberdeen, and many of the hypertensive
women did not have preeclampsia. Thus, the diag-
nosis of preeclampsia was often insecure in both
probands and sisters. In the study by Chesley, An-
nitto, and Cosgrove [14], the diagnosis (eclampsia)
was firm in the probands, but insecure in sisters,
daughters, and daughters-in-law.
Pregnancies following eclampsia
Eclampsia and "true" preeclampsia seldom re-
cur, although 33% of women having had eclampsia
in the first pregnancy (hereafter called "nulli-
paras") will have hypertension in about 20% of
their later gestations. About half of women having
eclampsia as multiparas will have hypertension in
about half of their later pregnancies because many
of them had had chronic hypertension that pre-
disposed them to eclampsia in the first place [4].
In most women having had eclampsia as nulli-
paras, all later pregnancies are normotensive; in a
few, all are hypertensive; and in about 33% there
seems to be a random interspersion of hypertensive
and normotensive pregnancies. When hypertension
does occur in a later gestation, it is seldom of any
immediate consequence. In the series of 354 later
pregnancies in 151 nulliparous eclamptic women
seen in the Margaret Hague Maternity Hospital, in
Jersey City, New Jersey, 40% of those with recur-
rent hypertension had merely elevations in blood
pressure (gestational hypertension), and fewer than
half had any degree of proteinuria. Eight women
(5.3%) did have severe preeclampsia, and 3 (2%)
had recurrent eclampsia [4].
Table 1. Preeclampsia or eclampsia in sisters, daughters, and
daughters-in-law of eclamptics
Preeclampsia or
Eclampsia during
•
Relationship Number
1st pregnancy
Expecteda Observedb
Sisters 147 58.0 55
Daughters 187 48.9 48
idaughter 72 18.4 18
2 daughters 28 12.5 13
3tosdaughters 12 8.3 8
Daughters-in-law (controls) 75 4.9 6
a Predicted numbers if caused by single recessive gene
b Data taken from Ref. 14.
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The infrequency of recurrence of eclampsia or se-
vere preeclampsia points up the fallacy of using the
first pregnancy as a control in assessing the efficacy
of some medical or surgical treatment used in later
pregnancies to prevent or ameliorate recurrence.
There are, however, a number of such studies in the
literature.
Remote prognosis
Remote deaths after eclampsia. Rucker and Wil-
liams [16] traced 191 women for more than 5 years
after eclampsia; most of those found had been pri-
vate patients, and the authors gave no indication of
what proportion of all cases had been lost to follow-
up. There had been 13 deaths as compared with an
expected 14.7; in 3198 patient-years, the average
annual death rate was 4.07 per 1000.
Bryans and Torpin [17] did not specify what pro-
portion of their original patients had been lost; they
followed 105 black women for an average of 8.2
years after eclampsia and found 16 remote deaths.
There were 138 white women followed for an aver-
age of 13.9 years, with 11 remote deaths. From
these data one can calculate average annual death
rates of 18.6 and 5.73 per 1000, respectively; the
rates may be too high because deaths are more eas-
ily found than are surviving women.
Chesley, Annitto, and Cosgrove [18] traced all
but 3 of 270 women to 1974. Among 187 white wom-
en having had eclampsia as nulliparas, the average
annual death rate was 5.11 per 1000 with 31 deaths,
which is not significantly different from the ex-
pected 26 (P = 0.4). In contrast, 33 of 59 white
women having had eclampsia as multiparas had
died at an average annual rate of 21.3 per 1000; the
expected number of deaths was 11.6, and the dif-
ference is significant (P = 0.001). Moreover, 82% of
the remote deaths were attributable to hypertensive
cardiovascular disease, as compared with 29% of
the deaths among the white nulliparas. There were
but few black women in the series, but the actual
deaths exceeded significantly the expected numbers
(7 vs. 2.8 for the 19 nulliparas and 5 vs. 0.8 for the 5
multiparas), with hypertensive cardiovascular dis-
ease accounting for 60% of the deaths.
Chronic hypertension after eclampsia. The
weighted average prevalence of hypertension at fol-
lowup of 2637 women having had eclampsia in any
pregnancy is 23.8%, with a range in 53 reports of
from 0 to 78%. In the few reports separating nulli-
parous from multiparous eclamptic women, the
prevalence of chronic hypertension is nearly dou-
bled in the latter [4].
Bryans [19] has followed more eclamptic women
(335) than has any other investigator; his average
length of followup is 14 years. Bryans calculated av-
erage blood pressures of the women by age groups,
such as from 45 to 49, and compared them with age-
specific averages found in unselected women in
three epidemiologic studies. The averages for the
168 white women were in the middle of the ranges
for the unselected women. The average blood pres-
sures of the 167 black women were higher than
those of the white patients, but they were within
range of averages found in unselected black wom-
en. Separate analyses of nulliparous and multi-
parous eclamptic women showed a higher preva-
lence of hypertension in the multiparas, so that the
average blood pressures of the nulliparas actually
were lower than the averages in the epidemiologic
studies. Bryans concluded: "All of the evidence in-
dicates that acute toxemia does not cause chronic
vascular or renal disease, no matter what the dura-
tion of toxemia is."
Chesley, Annitto, and Cosgrove [18] compared
the distributions of diastolic and systolic pressures
at followup of 197 of 206 nulliparous eclamptic
women with those to be expected in women
matched for age in five epidemiologic studies. There
was no excess of hypertensive women in com-
parison with any of the five control series, at any
dividing line one might choose between normoten-
sion and hypertension. The lowest expected preva-
lence of hypertension was derived from the data of
Hamilton et al [20]. When the expected distribu-
tions of diastolic and systolic pressures, on the basis
of their data, were plotted along with the observed
distributions, the curves were nearly congruent, as
shown in Fig. 1. The average length of followup was
33 years and ranged from 23 to 42 years. Inasmuch
as 94.4% of the women still alive were aged 45 years
or more, and 81% were over age 50, it does not
seem likely that many now normotensive will devel-
op essential hypertension.
Forty years ago, Fishberg [21] and Herrick and
Tillman [22] expressed an opinion still held by some
physicians in denying the specificity of pre-
eclampsia-eclampsia. Fishberg wrote that it is an
expression of latent essential hypertension, brought
to light and peculiarly colored by pregnancy. The
investigators of the era were correct as regards
many of the cases diagnosed as preeclampsia, but it
is now evident that eclampsia is not latent essential
hypertension. Moreover, eclampsia and, by exten-
sion, "true" preeclampsia, whatever their dura-
tions, do not cause chronic hypertension in women
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Fig. 1. Distributions of systolic and diastolic blood pressures in women who had eclampsia in the first pregnancy carried to viability
(solid lines) as compared with the distributions to be expected from the epidemiologic study of Hamilton et a! [21] (broken lines). (From
Chesley, Annitto, and Cosgrove [19], courtesy of C. V. Mosby Company)
who otherwise never would have developed it.
Women who have eclampsia or true" pre-
eclampsia in their first pregnancies are not different
from women generally in their likelihood of devel-
oping chronic hypertension in later life, and women
who ultimately will develop chronic hypertension
are not immune to eclampsia. It seems probable
that eclamptic or preeclamptic women who develop
hypertension later in life would have done so even
though they had never been pregnant.
Chronic hypertension after preeclampsia. There
are many followup studies of women thought to
have had preeclampsia. Nearly all, including my
own [23], are better ignored because of the uncer-
tainties of clinical diagnosis and the inclusion of
multiparas. A common finding has been that the
prevalence of hypertension at followup is lower in
women having had "preeclampsia" as nulliparas
than as multiparas; lower after severe than after
mild preeclampsia, and lower still after eclampsia.
That is the order in which the reliability of clinical
diagnosis increases.
Fisher, Spargo, and Lindheimer [24] are con-
ducting a unique followup study of women who had
preeclampsia as proved by renal biopsies taken at
the time. It is significant that the clinical diagnosis
of preeclampsia failed of confirmation by the ana-
tomic findings in about 45% of cases. What was
thought to be preeclampsia often was nephroscle-
rosis, chronic glomerulonephritis, interstitial ne-
phritis, or some other renal disease.
The prevalence of hypertension at followup at an
average of 68 months after preeclampsia is nearly
identical with that found in women matched for age
and race (black) in The National Health Survey
(Fig. 2).
Tillman [25] reported a series of 377 women
whose blood pressures had been recorded before
their first pregnancies, during their first preg-
nancies, and at followup. Of the first pregnancies,
137 were complicated by hypertensive disorders,
and 240 were normotensive. The blood pressures
found at followup had not been affected by normo-
tensive or hypertensive pregnancies, even in the
women with antecedent chronic hypertension. Pre-
eclampsia had not caused chronic hypertension.
Friedberg [26] followed 288 women for from 0.5
to 3 years after hypertensive pregnancies; the blood
pressures had been recorded before conception or
in the first trimester in all. The prevalence of hyper-
tension at followup was 25.7%, but 85.2% of those
with hypertension had had it before or early in preg-
nancy.
Significance of gestational hypertension
It seems unlikely that eclampsia and "true" pre-
eclampsia are signs of or cause essential hyper-
tension. Gestational hypertension, however, often
does seem to be a sign of future chronic hyper-
tension, unmasked by pregnancy. There is evidence
for that interpretation in many of the followup stud-
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Fig. 2. Prevalences of hypertension. Left bar shows the followup
of women having had normotensive pregnancies. Middle bar
shows the followup of women having had proved preecIampsia,
Right bar shows the unselected women in the National Health
Survey, matched for age and race with the women who had had
preeclamptic and normotensive pregnancies. (Courtesy of Ken-
neth Fisher, Benjamin Spargo, and Marshall Lindheimer [25])
ies of women thought to have had mild pre-
eclampsia.
Berman [27] reexamined 225 women who had had
pregnancies after hypertensive gestations; about
80% of them had recurrent hypertension in the later
pregnancies. He found that those having had little
or no proteinuria during hypertensive pregnancies
had a prevalence of chronic hypertension two to
three times that in women who had had proteinuria.
Inasmuch as the characteristic renal lesions of pre-
eclampsia are almost never found in the absence of
proteinuna [28], it seems probable that most of the
women with no proteinuria did not have pre-
eclampsia. Indeed, Berman suggested that they
really had latent hypertension revealed by preg-
nancy (and manifested by what we now call gesta-
tional hypertension). Berman's findings have been
confirmed repeatedly, but his interpretation has
been overlooked.
Adams and MacGillivray [29] reexamined 96
women who had mild preeclampsia (gestational hy-
pertension), 53 who had severe preeclampsia, and
185 who had had normotensive pregnancies, all in
first gestations, at from 15 to 20 years later. They
also examined 197 women, aged from 35 to 50
years, who had never been pregnant. Nelson's
[3] classification was used. The prevalences of sys-
tolic pressures of at least 140 mm Hg at followup
were: mild preeclampsia, 58%; severe pre-
eclampsia, 43%; nulligravidas, 41%; women with
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Fig. 3. Cumulative prevalences of chronic hypertension in rela-
tion to age. Upper line gives percentages of 51 women having
had at least one hypertensive pregnancy after eclampsia in the
first gestation. Middle line gives percentages of 46 women having
had no viable pregnancy after eclampsia in the first. Lower line
gives percentages 100 women having had only normotensive
pregnancies after eclampsia in the first.
normotensive pregnancies, 26%. The prevalences
of diastolic pressures of at least 90 mm Hg were:
mild preeclampsia, 60%; severe preeclampsia, 40%;
women with no pregnancies, 35%; women with nor-
motensive pregnancies, 21%.
Thus, the prevalence of hypertension following
severe preeclampsia was not significantly different
from that in nulligravidas of about the same age.
Following gestational hypertension (mild pre-
eclampsia), the prevalence of chronic hypertension
was considerably higher. The authors suggested
that "mild preeclampsia" (gestational hyper-
tension) might really be latent hypertension un-
masked by pregnancy, and in support of that, they
cited other observations. The incidence of gesta-
tional hypertension increases with age, sharply af-
ter age 30 years; that is not true of severe pre-
eclampsia, but is true of essential hypertension.
Gestational hypertension is more common in
heavy, obese women, as is essential hypertension;
it is not true of severe preeclampsia. Birthweights
of infants of women with gestational hypertension
are not small for gestational age and the rate of pen-
natal loss is not increased [3, 29], observations re-
cently confirmed by Page and Christianson [30]. In
severe preeclampsia, especially of early onset, the
incidences of retardation of fetal growth and neo-
natal mortality are increased.
Chesley, Annitto, and Cosgrove [18] reexamined
on many occasions since 1935 women who had had
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eclampsia as nulliparas; cases were added as they
occurred, up through 1951, and the total number be-
came 206 (minus 1 with no followup, minus 1 fol-
lowed for only 2.5 years, minus 7 whose blood pres-
sures were not obtained in 1974). Thus, we have a
prospective study of the development of essential
hypertension, as shown in Fig. 3. Each woman is
represented at an average of 4.4 different ages, at
intervals of 7 years. Forty-six women had no viable
pregnancy after eclampsia in the first; 100 had only
normotensive later pregnancies, and 51 had later
pregnancies, at least one of which was hyperten-
sive. As previously noted, the recurrent hyper-
tension usually was merely gestational hyper-
tension. The cumulative prevalences of diastolic
pressures of at least 100 mm Hg were 30% in the 46
women who had had no later pregnancies, 45% in
those having had a later hypertensive pregnancy,
and only 10% in those whose later pregnancies had
all been normotensive.
Of the 51 women having had at least one later hy-
pertensive pregnancy, 12% had diastolic pressures
of 100 mm Hg or higher before age 30 years; not one
woman in either of the other two groups had a dia-
stolic pressure of 100 mm Hg, or even as high as 90
mm Hg, by that age. As shown in Fig. 3, it was not
until age 40 to 44 that as many as 12% of the women
with no later pregnancy developed diastolic pres-
sures as high as 100 mm Hg. In sum, chronic hyper-
tension appeared at an earlier age in women who
had had hypertensive pregnancies following
eclampsia in the first gestation. Friedberg [26] made
the same observation in relation to nonconvulsive
hypertensive disorders in pregnancy, and he cited
Bechgaard to the same effect.
The high prevalence of early hypertension after
two or more hypertensive pregnancies (eclampsia
and a later hypertensive gestation) is not caused by
the acute disorders because the ultimate prevalence
of hypertension is the same in posteclamptic wom-
en with as in those without later pregnancies, and is
the same in all posteclamptic women as it is in unse-
lected women matched for age (Fig. 1). It appears,
therefore, that repeated hypertensive pregnancies
may precipitate prematurely a chronic hypertension
that was in the making, as has been suggested by
Friedberg [26] and by Browne and Sheumack [31].
Among any group of women there are some who
will and some who will not develop essential hyper-
tension. Women who show gestational hyper-
tension are at such high risk that they would be
ideal subjects for a prospective study of chronic hy-
pertension. Such a series would provide about
equal numbers of women who did not develop hy-
pertension (controls) and of those who did.
Significance of normotensive pregnancies
Adams and MacGillivray [29] observed that 41%
of nulligravidous women aged 35 to 50 had systolic
pressures of at least 140 mm Hg, and that 35% had
diastolic pressures of at least 90 mm Hg. In con-
trast, among women whose pregnancies had been
normotensive, the prevalences were 26% and 21%,
respectively. Although some nulligravidous women
have hormonal disorders that are associated with an
increased prevalence of hypertension [32], the large
difference (x2 = 9.15, P < 0.01) between the two
groups of women suggests that the absence of gesta-
tional hypertension during pregnancy is associated
with a relatively low prevalence of later chronic hy-
pertension. That impression is reinforced by the
findings in our study [18], in which we found the
prevalence of diastolic pressures of 100 mm Hg or
higher to be only 10% in women whose pregnancies
following eclampsia were all normotensive. In con-
trast, the prevalence in women who had had later
hypertensive pregnancies was 45%, and it was 30%
in women having had no pregnancy after eclampsia
in the first one.
Epstein [33] reexamined 48 women at about 15
years after the diagnosis of preeclampsia; half of
them had been multiparas at the time. As controls,
he used 114 women matched for age, parity, time
and place of delivery, but whose pregnancies had
been normotensive. The prevalences of blood pres-
sures of 150/90 or higher were 37% and 7%, respec-
tively. The prevalence of only 7% in the controls is
startlingly low for women aged 45 7 years.
Fisher, Spargo, and Lindheimer [24], in follow-
ing-up women with proved preeclampsia, also reex-
amined matched women whose pregnancies had
been normotensive. In the latter group, the preva-
lence of hypertension was less than 10% of that to
be expected on the basis of matched unselected
women in the National Health Survey (Fig. 2).
In the epidemiology of essential hypertension,
women whose pregnancies have been normotensive
are a selected group, unrepresentative of all wom-
en. Pregnancy seems to be a screening test for later
chronic hypertension: gestational hypertension por-
tends a high likelihood of later chronic hyper-
tension, whereas normotensive pregnancies usually
indicate future normotension or, if hypertension
does develop, it does so at an age later than aver-
age.
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Summary. The clinical diagnosis of preeclampsia
is often erroneous, for it may be confused with la-
tent hypertension, acute or chronic renal disease, or
frank essential hypertension that had abated during
much of pregnancy. Eclampsia and "true" pre-
eclampsia run in families with a frequency suggest-
ing that a single recessive gene may be responsible.
Eclampsia and "true" preeclampsia do not cause
chronic hypertension, whatever their durations.
Gestational hypertension is merely hypertension
without proteinuria or abnormal edema. It often has
been the basis for the diagnosis of mild pre-
eclampsia, although renal biopsy samples almost
never show the characteristic lesion in the absence
of proteinuria. Gestational hypertension is often a
sign of latent hypertension unmasked by preg-
nancy. Women with gestational hypertension ulti-
mately have a high prevalence of chronic hyper-
tension, whereas all those whose pregnancies are
normotensive ultimately have a low prevalence.
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